During the Pleistocene the Scandinavian ice sheet drained huge quantities of sediment-laden meltwaters. These meltwaters supplied ice-marginal valleys that formed parallel to the front of the ice sheet. Not without significance was the supply of ice-marginal valleys from extraglacial rivers in the south. Moreover, periglacial conditions during and after sedimentation in ice-marginal valleys, the morphology of valley bedrocks, and erosion of older sediments played important roles in the depositional scenarios, and in the mineralogical composition of the sediments. The mechanisms that controlled the supply and deposition in ice-marginal valleys were analysed on the basis of a Pleistocene ice-marginal valley that was supplied by northern and southern source areas in the immediate vicinity. Investigations were conducted in one of the largest ice-marginal valleys of the Polish-German lowlands, i.e., the Toruń-Eberswalde ice-marginal valley, in sandurs (Drawa and Gwda) supplied sediments and waters from the north into this valley, and on extraglacial river terraces (pre-Noteć and pre-Warta rivers), formed simultaneously with the sandurs and ice-marginal valley (Pomeranian phase of Weichselian glaciation) supplied sediments and waters from the south into this valley. A much debated question is how similar, or different, depositional processes and sediments were that contributed to the formation of the Toruń-Eberswalde ice-marginal valley, and whether or not it is possible to differentiate mostly rapidly aggraded sandur sediments from ice-marginal valley sediments. Another question addresses the contribution of extraglacial feeding of the Toruń-Eberswalde ice-marginal valley. These matters were addressed by a wide range of analyses: sediment texture and structure, architectural elements of sediments, frequency of sedimentary successions, heavy-mineral analysis (both transparent and opaque heavy minerals), analysis of rounding and frosting of quartz grains, and palaeohydrological calculations. Additionally, a statistical analysis was used. The specific depositional conditions of distribution of sediments in ice-marginal valley allow to distinguish new environment of ice-marginal valley braided river. The spectrum of depositional conditions in the Toruń-Eberswalde ice-marginal valley and their specific palaeohydraulic parameters allow to distinguish three coexisting zones in the ice-marginal valley braided-river system: (1) deep gravel-bed braided channel zone with extensive scours, (2) deep sand-bed braided channel zone with transverse bars, and (3) marginal sand-bed and gravel-bed braided channel zone with diamicton and breccia deposition, which were characterised in detail. Some of the results have been published previously, which is why they are discussed in the present paper within the context of new data.
Introduction
The term ice-marginal valleys (abbreviated to IMVs, also referred to as pradolinas, Urstromtäler, spillways, ice-marginal streamways, meltwater valleys, vallées marginales proglaciaires) generally was used for broad valleys (up to 25 km) that formed parallel to the ice front margin of Pleistocene ice sheets, and collected conjoined waters from proglacial meltwater channels and extraglacial rivers which drained the ice-free areas (Woldstedt, 1950; Galon, 1961; Kozarski, 1962; Niewiarowski, 1969; Wiśniewski, 1971 Wiśniewski, , 1990 Wiśniewski, , 1992 Jaroszewski et al., 1985; Mizerski & Sylwestrzak, 2002; Goudie, 2004; Migoń, 2006; Marks, 2012) . In Europe IMVs occur across the North European Plain from Russia to the North Sea. The term IMVs is also used in North America (Goudie, 2004; Kehew et al., 2009 ) and in New Zealand (Soons, 1964) , but in these countries the meaning is slightly different -in New Zealand IMVs are described as valleys that roughly parallel the ice edge, utilising pre-existing ice-free valleys, while North American IMVs usually are referred to as spillways and are connected with megafloods (Kehew et al., 2009) . The term proglacial spillway, connected with megafloods, is employed in Latvia (Zelčs & Markots, 2004; Zelčs et al., 2011) as well. Only two terms, ′pradolina′ and ′Urstromtal′ clearly define the marginal currents that were parallel to the front of an ice sheet. Important for the occurrence of IMVs in Europe is the fact that, in general, they all lie on south to north sloping land, which had an influence on the flow direction. During the Pleistocene, the ice sheet blocked the northerly outflow of rivers to the present-day Baltic Sea Basin, so rivers from the south generally flowed westwards parallel to the line that indicates the extent of the ice sheet. The meltwaters flowed southwards over the sandurs (=outwash, outwash plain), as based on sandur slope, and then joined extraglacial rivers -westwards in IMV. Rivers such as the Rhine and Meuse in the Netherlands, the Weser, Ems and Elbe in Germany, and the Odra and Wisła (Vistula) in Poland were successively redirected during Pleistocene glaciations to a westward course, and then northwards (Galon, 1968; Toucanne et al., 2009a Toucanne et al., , b, 2010 . However, in English literature often both terms (Polish 'pradolina'; German 'Urstromtal') are rejected by reviewers (e.g., in Pisarska-Jamroży & Zieliński, 2011; Pisarska-Jamroży, 2013) .
The definition of IMVs from the beginning of this section has a common denominator -geomorphological meaning, while ′IMV environment′ represents a wide spectrum of specific depositional processes and sediments. Only a few IMV descriptions include processes; for instance, the thermoerosion process as an important factor of IMV development was described by Jahn (1975) , Lindner (1992) , Pisarska-Jamroży & Zieliński (2011) and Weckwerth & Pisarska-Jamroży (in press ). In addition, only in some descriptions of IMVs is the origin of terrace formation and of some parts of IMV described (Galon, 1961; Kozarski, 1962; Brodzikowski & Van Loon, 1991; Kondracki, 2000; Börner, 2007; Weckwerth, 2013) .
The main Pleistocene IMVs of the Polish-German lowlands (Fig. 1A) are the Wrocław-Magdeburg-Bremen, the Głogów-Baruth-Hamburg, the Vilnius-Warsaw-Poznań-Berlin and the Toruń-Eberswalde (Noteć-Warta). They all were formed during successive cold stages, from the Saalian (130-200 kyr BP) to the Pomeranian phase of the Weichselian (16-17 kyr BP; Marks, 2012) . The glaciation-related Toruń-Eberswalde IMV (Fig.  1A ) studied here drained the water from proglacial streams of Pomeranian sandurs (=sandurs developed during the Pomeranian phase) and extraglacial areas (e.g. through pre-Warta and pre-Noteć rivers) during the maximum extent of the Pomeranian phase (16-17 kyr BP; Marks, 2012) and Angermünde-Chojna subphase of the Pomeranian phase (14.7±1 kyr BP; Lüthgens et al., 2011) .
The Toruń-Eberswalde IMV has raised many controversies over its origin and development. The origin and function of this IMV has been studied from the start of the twentieth century (Maas, 1904; Ost, 1932 Ost, , 1935 Woldstedt, 1935; Louis, 1936; Galon, 1961; Liedtke, 1961; Kozarski, 1965, 1966 and others) , and although the relationships between the sandurs and the IMV have been discussed previously (see, among others, Galon, 1961; Kozarski, 1965; Wiśniewski, 1971) , no details are available to date on the sources of sediments deposited in the Toruń-Eberswalde IMV. Sandur rivers mainly supplied the Toruń-Eberswalde IMV in the form of ablation floods. Ablation floods are common hydrological features of sandurs (Boothroyd & Ashley, 1975; Church & Gilbert, 1975; Maizels, 1993; Krüger, 1997; Warburton, 1999) , as well as rare megafloods (Paterson, 1994; Bjørnsson, 1998; Russell & Marren, 1999; Marren et al., 2002; Snorrason et al., 2002; Van Loon, 2009 ). The commonly accepted view is that extraglacial rivers coming from the south were an important sediment source in the Toruń-Eberswalde IMV (see Galon, 1968; Wiśniewski, 1990 Wiśniewski, , 1992 . Although it cannot be proved, this extraglacial source has been taken for granted ever since.
The river in the Toruń-Eberswalde IMV was characterised by numerous channels of a periglacial braided fluvial system, which is indicated by A -Positions of the ice-marginal valleys in the Polish-German Lowland (1 -Wrocław-Magdeburg-Bremen ice-marginal valley, 2 -Głogów-Baruth-Hamburg ice-marginal valley, 3 -Vilnius-Warsaw-Poznań-Berlin ice-marginal valley, 4 -Toruń-Eberswalde ice-marginal valley); B -Location of study sites in the Pomeranian sandurs, the Toruń-Eberswalde ice-marginal valley and from pre-Noteć River and pre-Warta River with heavy-mineral spectra (Pisarska-Jamroży et al., in press a, supplemented) .
the large width of the valley in comparison to its depth (1,000:3), and by slightly curved valley banks (Kozarski, 1965) . The main phase of fluvioperiglacial sedimentation in the Toruń-Eberswalde IMV was dated as 16-17 kyr (Weckwerth, 2013) . The periglacial climate favoured extensive lateral thermoerosion of the channel banks (consisting of till plain and glaciofluvial sediments of older sandurs) and debris flows derived from till plain. Both these processes supplied large amounts of sediment into the river channels and caused the marginal channels of the river to braid. All these processes also explain why the calculated palaeohydraulic parameters of the studied part of the Toruń-Eberswalde IMV (from the Noteć Middle Valley to the Gorzów Basin) are clearly different from the Pleistocene rivers of the European Plain. Up to now, calculations were made for the Toruń Basin, i.e., the eastern part of the Toruń-Eberswalde IMV (Weckwerth, 2013) , and for the Warsaw-Poznań-Berlin IMV which predates the Toruń-Eberswalde IMV (Antczak, 1985 (Antczak, , 1986 . The aims of the present study are (1) to identify the main sediment sources in the part of IMV studied; (2) to establish the contribution of extraglacial rivers in sediment supply of IMV; (3) to further our understanding of the relationship between the depositional environment of sandur and IMV and to show differences between braided fluvial systems on sandur and in IMV; (4) to summarise the role of periglacial conditions in controlling fluvial transport and deposition in the braided river system of IMV; (5) to calculate the main palaeohydrological parameters of the IMV river; (6) to characterise specific zones of the braided river system in IMV; and (7) to explain the significance of sediments derived from hyperconcentrated flow for depositional conditions in IMV.
Geological and geomorphological setting
The maximum extent of the Late Pleistocene Weichselian ice-sheet (Leszno-Brandenburg phase) was reached 19-24 kyr BP (Marks, 2012) . A second ice re-advance took place 19-20 kyr BP (Poznań-Frankfurt phase), and a third around 16-17 kyr BP (Pomeranian phase). During the Pomeranian phase three subphases can be recognised: maximum, Angermünde-Chojna (Kozarski, 1965) , and according to Karczewski (1968) , Mielęcin subphase. The sandurs Drawa, Gwda, Brda and Wda (Fig. 1B) were formed during the Pomeranian phase. The sandurs studied, i.e., Drawa and Gwda, are examples of large ones (80 and 110 km long, respectively), which directly supplied the studied part of IMV. The Toruń-Eberswalde IMV, comprising the Toruń Basin, Middle Noteć Valley (=Noteć Valley), the Ujście Basin, the Gorzów Basin, the Kostrzyn-Freienwalde Basin and the Eberswalde Valley, is one of the largest (>500 km long, 2-20 km wide) IMVs of the European Plain (Fig. 1A) ; it is incised into a till plain of the Brandenburg-Leszno phase and sandurs. The study area -300 km long -the middle and western parts of the Toruń-Eberswalde IMV (Fig. 1B) starts from Rozwarzyn (69-70 m a.s.l.) in the east and ends in Macherslust near Eberswalde (36 m a.s.l.) in the west. In this area ten sites were investigated sedimentologically and tested for heavy mineral composition: Rozwarzyn, Atanazyn, Walkowice, Kuźnica Czarnkowska, Nowe Dwory, Łącznica, Zwierzyn, Brzozowiec, Rudnica and Macherslust (Fig. 1B) .
In the part of the Toruń-Eberswalde IMV studied here, three terraces lying above floodplain (I) have been distinguished: lower IMV terrace (II) and upper IMV terrace (III) and, in some reaches, also an uppermost (IV) (Kozarski, 1962) . Nine of ten sites studied (i.e., all except the Macherslust site) are located on the third terrace (Kozarski, 1986; Pisarska-Jamroży & Zieliński, 2011; Weckwerth & Pisarska-Jamroży, in press ). Core deposits of the third terrace consist of till and/or glaciofluvial deposits with an erosional top, overlain by a gravelly pavement which is succeeded by several metres of fluvial sands on the surface of which occur shallow lakes. Stankowski (1963a, b) described in many places an aeolian relief of this terrace. The third terrace developed 16-17 kyr, which is recognised as the main phase of fluvioperiglacial sedimentation in the Toruń-Eberswalde IMV (Tomczak, 1987; Pisarska-Jamroży & Zieliński, 2011; Weckwerth 2013) .
During the maximum extent of the Pomeranian phase, the Toruń-Eberswalde IMV collected all waters from sandurs and extraglacial areas; however, a single, common outflow of all waters at the time in the Polish and German parts of the Toruń-Eberswalde IMV did not exist. According to Kozarski (1965) , waters flowed from the Gorzów and Kostrzyn-Freienwalde Basins southwards to the Warsaw-Berlin IMV (Fig. 1A) . A single common outflow of IMV waters did exist in the Toruń-Eberswalde IMV during the next subphase, Angermünde-Chojna. All large Pomeranian sandurs (Drawa, Gwda, Brda, Ostróda) functioned during both, i.e., the maximum and Angermünde-Chojna subphases of the Pomeranian phase (Kozarski, 1965) , but only two, Drawa and Gwda supplied directly to the part of the Toruń-Eberswalde IMV studied here. Sandurs to the west of Drawa sandur (except Myśla sandur) hang over ice-marginal terrace (Kozarski, 1965) , and were dead during IMV terrace formation. This explains why the sedimentology and heavy mineral spectra at three sites in Pomeranian Drawa and Gwda sandurs (Woliczno, Mielenko and Parsęcko; Fig. 1 ), have been compared with IMV sites.
In the most westerly part of the Toruń-Eberswalde IMV -Eberswalde Valley, as well as in the Polish part of the Toruń-Eberswalde IMV, occur four terraces, and the last, tenth site -Macherslustlies on the second terrace (36 m a.s.l.), the so-called Hauptterrasse, which is correlated with the terrace 40-45 m a.s.l. in the Gorzów Basin (i.e., the third terrace in the Polish part of IMV). The differences between high terraces in the Gorzów Basin and the Eberswalde Valley were caused by differences in distance between the ice sheet and the IMV. While in the western part of IMV the ice sheet was close to the IMV, in the eastern part the distance between the ice sheet and IMV was significantly greater, which had an influence on terrace development.
Besides sandur supplies, the part of IMV studied here was also fed by extraglacial rivers such as the pre-Warta and pre-Noteć rivers during the Pomeranian phase. Thus, in this context, sediments from one site located in the Poznań Gorge of the Warta River (Mściszewo), connected with the pre-Warta and two in the Inowrocław Plain (Wojdal and Łojewo), connected with the pre-Noteć, were studied (Fig. 1B) . All these sites occur on terraces that developed during the Pomeranian phase of Weichselian glaciation.
Methods
The western and middle part of the Toruń-Eberswalde IMV was investigated using detailed sedimentological analysis, heavy mineral analysis, analysis of rounding and frosting of quartz grains and statistical analysis, e.g. Markov chain analysis. Sediments from sites in the Poznań Gorge of the Warta River and the Inowrocław Plain were studied using heavy mineral analysis, and then the spectra obtained were compared with previous work on sandur sites and with IMV spectra (e.g. Pisarska-Jamroży et al., in press a, b).
In sedimentological analyses, grain size terminology follows the Udden-Wentworth scale (Udden, 1914; Wentworth, 1922) . Lithofacies and architectural elements are coded following Miall (1978) , and some additional lithofacies codes and architectural elements (Table 1A , B) were added, following Zieliński and Pisarska-Jamroży (2012) . Additionally, maximum particle size (MPS) was calculated on the basis of the ten largest grains in all gravelly and in sandy lithofacies (which contain gravels scattered within sands). Some sedimentological results from the proximal part of the Drawa sandur (Pisarska-Jamroży & Zieliński, 2014) , the Middle Noteć Valley (Pisarska-Jamroży & Zieliński, 2011; Weckwerth & Pisarska-Jamroży, in press), the Eberswalde Valley (Pisarska-Jamroży, 2013) have been published previously. In the present paper new sedimentological evidence from new sandur sites Table 1 . Codes used in sedimentary logs. A: Lithofacies codes (with explanation of codes regarding texture and structure of sediments as proposed by Miall, 1978, and . B: Architectural elements . C: Symbols used in Figs 2, 4 and 6.
as well as new, unpublished IMV sites are presented and discussed in the context of previous studies. The heavy mineral analysis was performed on grains of fine sand fraction (0.125-0.25 mm), covering high-density grains representing the detrital occurrence of essential rock-forming minerals (e.g. garnet, pyroxenes, biotite, muscovite) and accessories (e.g. zircon, tourmaline) with densities >2.8 gcm -3 ; thus they are termed ′heavy minerals′ (Mange & Maurer, 1992) . The samples were taken from the defined lithofacies. The percentage of each heavy mineral was determined by counting 300-2100 (700 on average) grains (transparent and opaque) per slide. All percentages were subsequently calculated with respect to the sum of all transparent, plus all opaque heavy minerals. The non-transparent minerals were identified by their optical and macroscopical features under a petrographic microscope and binocular. Further, the transparent/opaque ratio (T/O) was calculated. A coefficient was calculated, based on the relationship between amphibole and garnet, following Marcinkowski (2007) , weathering index (W index) was calculated from the equation of Racinowski and Rzechowski (1969) , W = (St/T) N, where T is the percentage of stable minerals that are resistant to abrasion (zircon, rutile, tourmaline, staurolite, kyanite) if the total of transparent heavy minerals is taken as 100%; St is the percentage of medium-resistant minerals (epidote, garnet, sillimanite), and N is the percentage of non-resistant minerals (amphibole, pyroxene, biotite, chlorite). The higher the weathering index, the more weathered a sediment is or a sediment was enriched (e.g. in effect of erosional processes) by weathered minerals. All heavy minerals samples were sampled from fresh non-weathered walls in outcrops. Also in case of heavy mineral analysis, some results from sediments in sandurs and IMV sites have been published previously (Pisarska-Jamroży et al., in press a, b). The present paper contains new results that are discussed in the context of previous studies.
The rounding and frosting of quartz grains were examined using the Mycielska-Dowgiałło and Woronko (1998) method. Over 150 quartz grains of the sandy fraction (0.8-1 mm) were counted in each of 48 samples derived from the proximal parts of the Drawa and Gwda sandurs and terrace sediments of the Toruń-Eberswalde IMV. Four rounding and frosting classes of quartz grains were distinguished: (1) aeolian, very well and moderately rounded, (2) fluvial very well and moderately rounded, (3) broken and angular grains, and (4) other grains (Table 2) .
In addition, a Markov chain statistical analysis was applied in order to establish the most frequent sedimentary successions (see Cant & Walker, 1976; Miall, 1977) in IMV and the results were compared with the sandur sedimentary cyclicity as described by Pisarska-Jamroży & Zieliński (2014) . The Markov chain analysis was used also in investigations of glaciolimnic succession in Eberswalde Valley (Pisarska-Jamroży, 2013), which is discussed in the context of present paper.
Palaeohydraulic parameters which allowed to characterise and interpret the depositional environment of fluvial sediments were calculated for part of IMV studied. Palaeoflow calculations (Table 3 ) include flow velocity, bed shear stress (Williams, 1983) , flow power (Bagnold, 1966) , flow depth estimated on the basis of lithofacies thickness (Friend & Moody-Stuart, 1972; Klimek, 1972; Saunderson & Jopling, 1980; Bridge, 2003) , and mean Froude number (Fr) calculated for three divided zones in IMV braided river system and for the upper and middle part of lower flow regime. Estimation of flow depth was not possible for lithofacies with low-angle planar cross-stratified sandy lithofacies (Sl) and it was omitted in calculations, because lithofacies Sl developed due to flattened and washed-out bars and estimation of flow depth in this case is impossible. All formulas presented in Table 3 generally are used for gravel-bed rivers and their gravel lithofacies (Williams, 1983) , but in the case of IMV succession, they were used for sandbed rivers too and their sandy lithofacies, which in IMV contain gravels scattered within sands, so MPS measurements necessary to formula calculation were available. The stream power which carried sands with an admixture of gravels was strong enough to transport larger particles such as gravels implying that the calculation procedure is correct. The use of Williams (1983) formulas to the palae- ohydraulic parameter calculations meant that the Manning coefficient of roughness was not taken into consideration in calculations. The Manning coefficient of roughness arises as a result of bed forms and channel form development, so there is a risk that the results will be overestimated. However, Williams formulas (1983) based on the parameter MPS (Table 3) are underestimated due to the limited extent of outcrop in IMV; some larger gravels can be omitted and it is unlikely that in outcrop clasts the largest clasts representative of the whole lithofacies occur. Therefore, it can be concluded that estimates resulting from Williams (1983) formulas are not overestimated. Moreover, formulas using the Manning coefficient of roughness need hydraulic gradient estimated approximately on the basis of slope terrace (e.g. Manning formula of mean velocity). The slope terrace yields only approximate information on the hydraulic gradient and significantly changes results of velocity calculations (Manning formula of mean velocity), even with small changes in slope terrace (and thus can lead to potential error in calculations).
Sediment source areas in IMV
Sediments found in the Toruń-Eberswalde IMV are a combination of deposits derived from the northern sources of the Weichselian ice-sheet, from the eroded substratum of the Toruń-Eberswalde IMV (Pisarska-Jamroży et al., in press a) and from the southern sources of main rivers such as pre-Warta and pre-Noteć.
Proglacial feeding of IMV
The contribution of sediments derived from proglacial streams in IMV was established on the basis of heavy mineral spectra from proximal parts of the Drawa and Gwda sandur sediments and from the Toruń-Eberswalde IMV terrace (Pisarska-Jamroży et al., in press a). The heavy mineral analysis shows that there are no significant differences in heavy mineral composition between the sandurs and IMV sediments (Pisarska-Jamroży et al., in press a), in that all are dominated by amphibole, limonite, the opaque mineral rest group (magnetite, other iron oxides), garnet, epidote and biotite (Table 4 ). The slight differences that occur between sandurs and IMV sediments are described in section 4.2 below. Comparable heavy mineral spectra in the sandurs and IMV, a predominance of amphibole and garnet, and comparable A-coefficients suggest the same mineral source, i.e. the Palaeozoic and Precambrian rocks in the East Central Baltic (compare Passchier, 2007) . Differences between sandur and IMV sediments are seen in the weathering index, which is lower in sandurs than in IMV (Table 4) . No significant differences occur either in the rounding and frosting of quartz grains from sandurs and from IMV. Sandur and IMV sediments are dominated by fluvial origin grains (Table 3) . Although such grains were developed partially at least in a fluvial environment, it is difficult to interpret them as having formed in glaciofluvial or fluvial environments on the Drawa and Gwda sandurs or in the Toruń-Eberswalde IMV, but rather they come from older eroded deposits. The distance of glaciofluvial transport on the Drawa and Gwda sandurs was not large enough to change the rounding of quartz grains (1-5 km from end moraine of Pomeranian phase to the sites of proximal parts of sandurs studied). The distance of fluvial transport in the Toruń-Eberswalde IMV was larger, which caused a slightly better rounding of quartz grains, but still not large enough to change significantly the rounding of grains (90 km between Rozwarzyn and Zwierzyn, see Fig. 1B ). Experimental studies on the influence of fluvial transport on quartz grain surfaces have shown that changes of roundness develop extremely slowly (Lindé & Mycielska-Dowgiałło, 1980) . Woronko et al. (2013) claimed that after 750 hours of fluvial transport simulation quartz grain surfaces became shiny, but roundness did not change significantly. Summarizing, the heavy mineral spectra and contribution of quartz grains classes from both the Drawa and Gwda sandurs and from the Toruń-Eberswalde IMV sediments are closely similar, which suggests that the IMV was mainly supplied by sandur rivers.
Pleistocene substratum as sediment source in IMV
Outcrops of IMV substratum containing older, often glaciotectonically elevated, Miocene/Pliocene sediments (Gadomska, 1957; Szupryczyński, 1958; Schlaak, 1993; Bartczak, 2006) , as well as older Pleistocene glaciogenic and interglacial sediments had an impact on the mineral composition of the terrace sediments (Pisarska-Jamroży et al., in press a). Glacioisostatic movements after deglaciation of IMV area and its surroundings (= during the Pomeranian phase; Niewiarowski, 1983; Liszkowski, 1992 Liszkowski, , 1993 Weckwerth, 2013) played also a role in the mineral composition of IMV terraces sediments. The braided river in the Toruń-Eberswalde IMV eroded substratum sediments. Outcrops of Miocene and Pliocene sediments are known from the literature (Gadomska, 1957; Szupryczyński, 1958; Kozarski, 1959; Bartczak, 2006) , namely in the vicinity of Dębowa Góra in the northern part of the Middle Noteć Valley, in the mouth of the Gwda River to the Noteć River, in the northern part of the Ujście Basin, in the eastern part of the Gorzów Basin ( Fig. 1 ) and in the northern part of the Toruń Basin (Weckwerth, 2013) . Differences in heavy mineral spectra between the Toruń-Eberswalde IMV terrace and the Pleistocene substratum sediments (Table 4) are generally slight and can be explained by fluvial erosion of older sediments in IMV, and enriched terrace sediments from eroded substratum zircon, staurolite, tourmaline, glauconite, biotite and limonite (Pisarska-Jamroży Table 4 . Spectra of heavy minerals from the Pomeranian sandurs, the studied part of the Toruń-Eberswalde ice-marginal valley, the Pleistocene substratum of the IMV, and the pre-Warta river and pre-Noteć rivers (Pisarska-Jamroży et al., in press a, supplemented).
et al., in press a). The Pleistocene and Miocene/Pliocene substratum could have contributed almost all these minerals, but it is possible that some of them, e.g. zircon, could have been supplied by sandurs. Glauconite in IMV terraces probably derives from the Miocene sediments which contain reworked glauconite (Bartczak, 2006; Widera, 2007) . Limonite in IMV terraces may also have originated from Miocene deposits or could have developed in diagenetic processes in water-saturated sediments which led to alteration of some minerals to limonite. This process is more effective in higher porosity gravels than in sands, because water content in gravels exceeds that in sands (Pisarska-Jamroży et al., in press b).
Known from the substratum are also very well-rounded quartz grains with shiny and smooth surfaces, interpreted as grains of a fluvial origin. These grains may derive from Miocene/Pliocene sediments (Galon, 1961) , or from Eemian fluvial sediments noted in the eastern part of the Toruń-Eberswalde IMV by Weckwerth & Chabowski (2013) and Weckwerth (2013) .
Summarizing, some heavy minerals such as zircon, staurolite, tourmaline, glauconite, biotite and limonite, as well as very well-rounded fluvial quartz grains, may indicate the erosional origin of terrace sediments. They can be derived from Miocene/Pliocene as well as from Pleistocene sediments, e.g. Eemian fluvial deposits.
Extraglacial feeding of IMV
Extraglacial rivers from the south (e.g. pre-Noteć and pre-Warta rivers) and proglacial rivers from the north had several different catchment areas, but their sediments are dominated by amphibole, garnet, epidote, biotite, limonite and other opaque minerals (Table 4) . The heavy mineral composition may be explained by the fact that the extraglacial rivers eroded sediments of glaciations older than the Weichselian as well as interglacial sediments. Older glacial sediments had similar northerly sources as during the Pomeranian phase of the Weichselian glaciation. Additionally, the long distance from the southern part of the catchment area (which can contain specific spectra of heavy minerals e.g. from the Kraków-Częstochowa Upland) of extraglacial rivers to the Toruń-Eberswalde IMV could have caused abrasion of some minerals. The length of the Warta River from the source in the Kraków-Częstochowa Upland in southern Poland to Oborniki (southern boundary of IMV) is 603 km. The length of the Noteć River from the source in Kujawy Lakeland in central Poland to the mouth of the Warta River in IMV is 391 km. The next possibility is that sediment supply by extraglacial rivers was minimal (see Pisarska-Jamroży et al., in press a).
Heavy mineral spectra from the pre-Noteć River ( Fig. 1B; Table 4 ) reveal a higher percentage of epidote (11.6%). The pre-Noteć River sediments contain the highest percentage, among all sites analysed, of amphibole (27.2%), muscovite (2.8%), chlorite (1.7%), zircon (3.8%) and rutile (1.7%), and the lowest percentage of limonite (4.3%). The source area of the Noteć River is not southern, but central Poland, so that all these minerals may have originated mainly from eroded Pleistocene substratum. The weathering index of the pre-Noteć River terrace reaches only 134 (similar to the Pleistocene substratum -148, and Pomeranian sandur sediments -161). This could have been caused by redeposition processes of previously deposited sediments by the pre-Noteć River, but this requires more research.
Heavy mineral spectra from the pre-Warta River terrace sediments ( Fig. 1B ; Table 4 ) have a slightly higher percentage of epidote than in IMV sites. The pre-Warta terrace sediments contain the highest percentages of garnet (21.9%), and the highest percentage of other opaque minerals (28%), of all sites analysed. On the one hand, the epidote and garnet could have been derived from southern sources of the pre-Warta River, and on the other from the Pleistocene catchment area of the pre-Warta River. The pre-Warta terrace sediments are characterised by a high value of weathering index (223), similar to IMV sediments (212).
Distribution of heavy minerals in part of IMV studied
Additionally, heavy mineral grains undergo sorting in a fluvial environment as a result of differences in density, shape and size (cf. Steidtmann, 1982; Komar, 2007; Van Loon, 2013) , and the relative proportions of the various heavy minerals vary with transport distance (see Van Andel, 1950; Lowright et al., 1972; Van Loon, 1973) . Changes (in percentages) of heavy minerals with distance from Rozwarzyn to Zwierzyn (Fig. 1B) are clear in the study area for biotite and amphibole. Amphibole increases slightly from east to west (= downstream) as does the T/O ratio. The reverse tendency occurs with biotite because of intensive mechanical abrasion during transport: its percentage decreases westwards (Fig. 1B) .
Analysis of heavy minerals in the separate gravelly and sandy lithofacies shows also an interesting relationship: the less-resistant heavy minerals (e.g. biotite) occur much more frequently in gravels than in sands. In the flow-transported gravels platy minerals were carried mainly in suspension, whereas those in the flow-transported sands were carried mainly through saltation and traction, during which mechanical destruction processes of less-resistant heavy minerals are more common than in flow-transported gravels. All these changes must be ascribed to sorting processes by glaciofluvial/fluvial transport (Pisarska-Jamroży et al., in press b).
Depositional mechanisms controlling
Toruń-Eberswalde IMV sedimentation
In ten sites of the Toruń-Eberswalde IMV detailed sedimentological analyses were carried out (Fig. 1B) . In nine out of ten (Rudnica, Brzozowiec, Zwierzyn, Łącznica, Nowe Dwory, Kuźnica Czarnkowska, Walkowice, Atanazyn and Rozwarzyn; Figs 3, 4 and 5) occur fluvial sedimentary successions (see section 5.2), and at one -Macherslust (Fig. 2) -a glaciolimnic succession (see section 5.1).
Glaciolimnic sedimentation in IMVinitial phase of IMV development
A specific kind of sedimentary succession was recognised in the western part of the Toruń-Eberswalde IMV near Eberswalde in Macherslust (see Pisarska-Jamroży, 2013) . The succession (Fig. 2) is composed of silts with horizontal lamination (lithofacies Th) with, additionally, a horizontally laminated clay (lithofacies Mh); less common are finegrained, massive and horizontally laminated sands (lithofacies Sm, Sh). The boundaries of the silty, clayey and sandy lithofacies are mostly sharp but non-erosional. A characteristic feature is the rhythmic nature of the succession, which forms couplets of Th→Mh (up to 45 cm thick megavarves), and less common of Sh→Mh and of Sm→Mh (Fig.  2) . The typical thickness of a 'classic' varve varies between 0.2 and 100 mm; average: 20-50 mm (see Ashley, 1975; Gilbert, 1975; Brodzikowski & Van Loon, 1980; Hasholt, 1995) . The unusually thick silty summer layers (Th lithofacies) derived from suspended particles supplied to the lake by cyclic (typically in ablation supply) and dense meltwater currents -hyperconcentrated flows (Pisarska-Jamroży, 2013). Hyperconcentrated flow conditions have been identified in association with high magnitude floods in the proglacial sedimentary record (Marren, 2005) . Deposits of hyperconcentrated flows on sandurs are known from glaciomarginal areas (Plink-Björklund & Ronnert, 1999; Pisarska-Jamroży, 2006 , 2008a . The occurrence of silty-clayey megavarves in the Toruń-Eberswalde IMV sediments indicates the proglacial, northern source of sediments, but such is very rare and recorded in specific morphological conditions, just as in the Eberswalde Valley; the megavarves were deposited in older depressions of atypically oriented subglacial tunnel valleys, semi-parallel to the axis of the Toruń-Eberswalde IMV (ENE-WSW). Such tunnel valleys were recognised by Börner (2007) . Otherwise an N-S oriented valley incision, from the ice-sheet to the IMV, supplied hyperconcentrated flow to IMV (Pisarska-Jamroży, 2013). The hyperconcentrated inflow at Macherslust probably contained mainly silt with an admixture of clay, resulting in a fairly homogeneous grain size of the silty lithofacies (Pisarska-Jamroży, 2013). The megavarves were deposited from suspended particles supplied to the lake by cyclic and dense meltwater currents. Megavarves at Macherslust, deposited by dense hyperconcentrated flows in a quite deep lake in tunnel valley, supports bad- Table 1 . Table 1. ly bleached sediments (OSL ages: 14.6 ± 6.5 kyr and 12.18 ± 4.5 kyr; Pisarska-Jamroży, 2013). The glaciolimnic succession (megavarves) was subsequently eroded by braided river currents in IMV, leaving some erosional remnants which formed common, morphologically positive elements in the valley (Pisarska-Jamroży, 2013).
Braided river system in IMV
The sedimentary successions from nine sites (Fig. 3 ) in IMV were grouped into three zones (sections 5.2.1-5.2.3) with regard to their main depositional conditions, architectural elements and palaeohydraulic parameters: (1) deep gravel-bed braided channel zone with extensive scours, (2) deep sandbed braided channel zone with transverse bars, and (3) marginal sand-bed and gravel-bed braided channel zone with diamicton and breccia deposition (Figs 6 and 7) . In each of the sequences cyclicity in vertical lithofacies succession (on the basis of Markov chain analysis) was analysed. Results thus obtained were statistically irrelevant -the probability of transitions of lithofacies 'x' dominating over lithofacies 'y' was close to zero. In the case of IMV sediments occur some limitations for Markov chain analysis usage, such as insufficiently long sedimentological sequences at outcrop. Depositional cyclicity is well known from sandur sediments, lacustrine and glaciolacustrine sediments and the Markov chain were used e.g. by Fraser (1982) and Pisarska-Jamroży & Zieliński (2014), but depositional cyclicity did not occur in sediments studied in Toruń-Eberswalde IMV.
5.2.1. Deep gravel-bed braided channels zone with extensive scours At four sites (Rudnica, Brzozowiec, Łącznica and Nowe Dwory; Fig. 1B ) occur mainly gravelly, sandy-gravelly and gravelly-sandy, trough-shaped sets (lithofacies Gt, GSt, SGt, St) up to 2.5 m (on average 0.5 m) thick and up to 1.5 m wide (Figs 3  and 4) . The troughs in sandy sediments generally (Table 5) . Some gravel or sandy gravel dunes (Gt, GSt) became replaced by 3-D gravelly sand dunes (SGt) due to a decrease in flow competence (see Łącznica log; Fig. 3 ). These forms can be classified as 'compound bars' (Harbor, 1998) . Some larger troughs represent scour pools -they were dissected in the confluence zones of two channels. They are regarded as indicative of a braided-river fluvial system (Siegenthaler & Huggenberger, 1993) , and were noted on Drawa sandur (e.g. Pisarska-Jamroży & Zieliński, 2014) . In other channel parts (see Rudnica and Nowe Dwory logs; Fig. 3 ) sandy high-and low-angle planar cross-stratified lithofacies Sp and Sl occur. The thickness of lithofacies Sp in the Rudnica succession attains 0.4 m; it comprises coarse and medium sand with an admixture of granules. The laminae of cross-beds are commonly straight, and some reactivation surfaces occur. Lithofacies Sl in the Nowe Dwory succession consists of medium and coarse sands; the thickness is 0.5 m, and their straight cross laminae dip 10°. Lithofacies Sp can be ascribed genetically to sandy transverse bars developed in the middle part of the lower flow regime (Table 5) . Lithofacies Sl were developed due to flattened and washed-out bars with planar cross-stratification which passed into low-angle cross stratification.
Sedimentary successions in all four successions (Rudnica, Brzozowiec, Łącznica and Nowe Dwory) indicate a migration of three-dimensional dunes in a multi-channelled braided river system in IMV (Fig. 7) . In this zone prevailed gravelly and sandy bedforms and additionally transverse bars occur (elements GB, SB and FM; Fig. 6 ). The zone with deep gravel-bed braided channels with extensive scours is characterised by a mean 3-m flow depth, mean flow velocity of 1.9 ms -1 , mean stream power of 450.5 Wm -2 and mean bed shear stress of 136.8 Pa (Table 5) .
Deep sand-bed braided channels zone with
transverse bars Sedimentary successions at three sites, Zwierzyn, Kuźnica Czarnkowska and Walkowice, are dominated by low-and high-angle planar cross-stratified sediments (Sl, Sp, SGp), or in successions there is a balanced participation of planar (Sl, Sp, SGp) and trough cross-stratified sediments (GSt, SGt, St). The low-angle cross-stratified lithofacies Sl comprises medium and coarse sands; the thickness is 0.7 m and their straight cross laminae dip 7-10°. Planar cross-stratified lithofacies (Sp and SGp) consist of medium and coarse sand or a mixture of coarse sand with granules, rarely pebbles. The laminae are commonly straight, except for the deformed upper part of laminae of lithofacies Sp occurring just below trough cross-stratified gravelly sands (SGt) at Zwierzyn (Fig. 4D ). There lithofacies occur as cosets (each set ~1 m thick), while at the other sites they appear as large-scale lithofacies from 1.4 (SGp at Kuźnica Czarnkowska) up to 3 m (Sp at Walkowice).
Lithofacies Sp, SGp can be ascribed genetically to a sandy or gravelly-sandy transverse bars devel- Table 1 .
oped in the middle part of the lower flow regime (Table 5 ; see section 5.2.1). The sedimentary succession at Zwierzyn (Fig. 3) represents conditions of an increasing depth (from 0.8 to even 8.4 m) and current velocity (from 0.9 to 2.3 ms
). Largescale planar cross stratification (up to 3m thick) at Walkowice and Kuźnica Czarnkowska (Figs 3 and 4F) reflects large aggradation ratio and large depth caused by confined flow in narrow part of IMVUjście Basin (see Fig. 1 ). The deformed cross-stratified sands (complex folds) at Zwierzyn (Fig. 4D ) evolved metadepositionally in effect of a high sedimentation rate of upper trough cross-stratified gravelly sand (SGt) in a hydroplastic state (see Pisarska-Jamroży & Weckwerth, 2013) .
The gravelly-sand and sandy-gravelly troughshaped sets (SGt, GSt) are between 0.6 m and 2.8 m (on average 0.5 m) thick and up to 6 m wide (Fig.   Fig. 7 . The Toruń-Eberswalde ice-marginal valley during the Pomeranian phase of the Weichselian glaciation with characteristics of three distinguished channel zones in braided river of ice-marginal valley. For explanation see Table 1 . (Table 5 ). In the deeper part of braided channels, in the thalweg zone, sandy, gravelly-sandy and sandy-gravelly 3-D dunes migrated. Deposition was preceded by erosion in flow-separation zone downstream of dune forms. Trough cross-stratified sediments (lithofacies St, SGt and GSt) can be viewed as minor channels that migrated laterally, but in the Zwierzyn succession channels of depths of up to 2.8 m were noted, which can be interpreted as major channels of a braided river (Fig. 4E ).
In the braided river system transport processes were not regular but occurred as a series of pulses and sediments 'slugs', and were dependent of the supply of proglacial sediments from the northern sandurs (Drawa, Gwda in studied IMV part here). Sedimentation of successions in this zone occurred in places where the supply of sediment from proglacial rivers was greater, unlike places where water supply was large to evolve extra-large scale major channels (see Zwierzyn, Figs 3, 4E and 7). In this zone prevailed transverse bars, gravelly and sandy bedforms (elements FM, GB and SB; Fig. 6 ). The zone with deep sand-bed braided channels with transverse bars is characterised by 3.4 m of mean flow depth, 1.7 ms -1 of mean flow velocity, 221.8 Wm -2 of mean stream power and 99.7 Pa of mean bed shear stress (Table 5) .
Marginal sand-bed and gravel-bed braided
channels zone with diamicton and breccia deposition At two sites (Atanazyn and Rozwarzyn) occur sediments that are unique for IMV environment: diamicton and breccia sediments (Figs 3 and 5) . The massive, gravelly diamicton of debris-flow origin at Atanazyn is characterised by a disorganised gravel fabric (Fig. 5A) . The matrix-supported framework consists of pebbles and cobbles. The massive, gravelly diamicton represents a subaerial, cohesive debris flow (Pisarska-Jamroży & Zieliński, 2011; Weckwerth & Pisarska-Jamroży, in press). The parent material, a glacial till, underwent gravitational transport by solifluction. The unconsolidated sediments derived from the active layer of the permafrost. The debris slid from the till banks (eroding till plain) into the channels and caused changes in channel morphology (Weckwerth & Pisarska-Jamroży, in press ). The deposition of debris flows took place in marginal channels of the IMV braided river (Fig. 7) . At Rozwarzyn occurs also a sediment of debris-flow origin -debris-flow breccia (Fig. 5E ). Debris-flow breccia has a diamictic matrix and silty-clayey clasts with sharp edges, rough and irregular surface, which are disoriented. The matrix of debris-flow breccia is massive or locally cross-stratified (Weckwerth & Pisarska-Jamroży, in press ). At both sites (Atanazyn and Rozwarzyn) occur fluvial breccia sediments (Fig. 5B-D) . At Atanazyn the fluvial breccia consists of diamict clasts and massive sandy matrix. The clasts have a tabular shape resulting from the disintegration of the source rock (till) following joints formed during postdepositional weathering under periglacial conditions. The till clasts show a well-developed imbrication suggestive of deposition in fluvial conditions (Pisarska-Jamroży & Zieliński, 2011) . At Rozwarzyn clasts of fluvial breccia are oriented parallel to the bedding in matrix, imbricated or chaotic (Weckwerth & Pisarska-Jamroży, in press ). Clast surface is smooth and shape varies from sharp edged to rounded. The occurrence of fluvial breccia at Rozwarzyn depended on erosion of till (diamictic) bank of the braided river incised into a till plain (Pisarska-Jamroży & Zieliński, 2011; Weckwerth & Pisarska-Jamroży, in press). River banks were extensively eroded laterally by currents in numerous channels of the periglacial braided fluvial system. Fluvial erosion of the river banks initiated gravity flows and dislodged blocks of frozen sediments. Frozen megaclasts derived from mass movements formed obstacle marks on the river bed, changing bed shear stress and causing accumulation of subaqueous disintegrated clasts in shadows behind megaclasts (Weckwerth & Pisarska-Jamroży, in press ). The clasts of breccias with cross-stratified matrix were transported over a larger distance than clasts of fluvial breccias characterised by a massive matrix (Weckwerth & Pisarska-Jamroży, in press ).
Sedimentation of debris-flow diamictons and breccia sediments can occur in sandy, shallow, abandoned channels (Atanazyn site) as well as in deep gravelly channels (Rozwarzyn site). The sedimentary successions at both sites indicate conditions in which aggradation processes in marginal channels of braided river prevailed. In this zone transverse bars, sandy bedforms and gravity flows predominated (elements FM, SB and SG; Fig. 6 ). The zone with marginal braided channels with debrite and breccia deposition is characterised by 2.1 m of mean flow depth, 1.2 ms -1 of mean flow velocity, 56.8 Wm -2 of mean stream power, 42.7 Pa of mean bed shear stress, and 0.26 of Froude number (Table 5) .
Palaeohydraulic parameters of braided river in Toruń-Eberswalde IMV
Calculated palaeohydraulic parameters for the Toruń-Eberswalde IMV (Table 5 ) are clearly different from parameters calculated for rivers occurring in non-IMVs fluvial settings in Europe. Braided rivers supplied huge amounts of sediment-laden waters from northern sources; additionally extraglacial rivers such as the pre-Noteć and the pre-Warta provided to the IMV some waters with load. Nevertheless, the northern, proglacial rivers controlled most of the IMV depositional processes during the main phase of IMV development.
Bed shear stress in the deepest troughs in the Toruń-Eberswalde IMV reached maximum values 657 Pa, while a minimum of 20.4 Pa occurred in marginal parts of a braided river system in the IMV, where aggradation processes prevailed (Table 5) . For comparison, the bed shear stress of normal level of waters in the proximal part of sandurs is lower than 15 Pa, while ablation floods reach 120-400 Pa (Ashworth & Ferguson, 1986) . In Pleistocene deep gravel-bed rivers bed shear stress reaches 25-75 Pa, in shallow gravel-bed rivers -15-20 Pa, in deep sand-bed rivers -25-35 Pa, and in shallow sandbed rivers -10-25 Pa (Zieliński, 1993) . Catastrophic floods related to subglacial lake drainage reach 90 Pa (Lord & Kehew, 1987; Komar, 1989) , or between 75 and 250 Pa (Zieliński, 1993) . Bed shear stress calculated for the braided river flowing during the Pomeranian phase in the Toruń-Eberswalde IMV main deepest gravel-bed braided channel (zone 1) and can be interpreted as a catastrophic flood (250-657 Pa; see Table 5 ) or as typical of ablation floods (120-250 Pa). In sand-bed channel zone with bars (zone 2) bed shear stress is typical as of ablation floods. Only in the marginal parts of the braided river system (zone 3) in the Toruń-Eberswalde IMV does mean bed shear stress reach only 42 Pa, a value typical of Pleistocene deep gravel-bed rivers (see Zieliński, 1993) .
The mean flow depth in the Toruń-Eberswalde IMV, estimated on the basis of channel forms and bed form height, reaches 2.8 m (Table 5) , while in main gravelly and sandy channels was 3.2 m (up to 8.4), and in marginal channels 2.1 m. In the eastern part of the Toruń-Eberswalde IMV (Toruń Basin) the depth of flow reaches 1-3 m (Weckwerth, 2013) , and in the Warsaw-Berlin IMV 1.4-1.6 m (Antczak, 1986) .
The middle and western part of the Toruń-Eberswalde IMV studied was characterised by larger supply of water with sediments in comparison with the easterly Toruń Basin, due to direct supply of sandur rivers with sediments. e.g. Gwda, Drawa, Wda (Fig. 1) . The flow velocity for the middle and western part of Toruń-Eberswalde IMV was also higher (0.8-4.7 m/s) than values noted in the Toruń-Basin (0.3-1.6 ms -1 ; Weckwerth, 2013) , and for the Warsaw-Berlin IMV (0.8-2.3 ms -1 ; Antczak, 1986) . The flow velocity for the studied part of Toruń-Eberswalde IMV was higher in the deepest gravel-bed channels (up to 4.7 ms -1 ), and the lowest in the marginal channels (up to 1.5 ms for the deepest troughs in gravelly sediments (Table  5 ). Average flow power for contemporary floods of braided rivers is between 150 and 180 Wm -2 (Zieliński, 2014). However, flow power for catastrophic floods reaches tens of thousands, even hundreds of thousands of Wm -2 (Baker & Costa, 1987; Russell, 2005) . Comparison of the flow power in the studied part of the Toruń-Eberswalde IMV and from the literature (see Boothroyd & Ashley, 1975; Zieliński, 1993; Blažauskas et al., 2007) indicate that the flow power in IMV was typical (for most of sediments in IMV) as for gravel-bed rivers (30-300 Wm The Froude number decreases from sediments deposited in deep gravel-bed braided river, through deep sand-bed braided river to the marginal deep channels of the braided river (Fig. 8) . For gravelly and sandy trough cross-stratified sediments deposited in the upper part of lower flow regime (lithofacies Gt, GSt, SGt, St; Table 5 ) the Froude number reaches 0.4, while for sandy and sandy-gravelly planar cross-stratified lithofacies (Sp, SGp) deposited in the middle part of lower low regime it reaches 0.3.
All calculated parameters show that the braided river in the Toruń-Eberswalde is comparable to proglacial floods and catastrophic floods on sandurs. But it is worth noting that the amplitude of flow power, bed shear stress and flow velocity is significant, that is, they changed in a wide range, e.g. from a flow typical of gravel-bed braided river up to a megaflood. All collected water and supplied sediments, mainly from the northern sandurs and additionally from extraglacial inflows, were uncommonly huge in comparison to any other river in non-marginal settings in Europe. It is speculated that the normal water level in the Toruń-Eberswalde IMV was similar to the level during proglacial floods occurring on sandurs, and the high water level was equivalent to catastrophic floods (megafloods, outburst floods).
Periglacial factors controlling sedimentation in IMV
During periglacial conditions in the foreland of the Pomeranian ice sheet a braided river system was functional in the Toruń-Eberswalde IMV (Galon, 1961; Kozarski 1965) . Deposition of fluvial IMV successions in fluvioperiglacial environments (= periglacial fluvial conditions) was controlled by cyclic fluctuations and variable feeding of fluvial system by rivers with nival and proglacial regimes (Van Huissteden et al., 2001; Vandenberghe, 2002; Zieliński, 2007; Pisarska-Jamroży & Zieliński, 2011; Weckwerth & Pisarska-Jamroży, in press ). The fluvial system was overprinted by thermoerosion, mass flow processes and short fluvial reworking of glacigenic sediments (Pisarska-Jamroży & Zieliński, 2011; Weckwerth, 2013; Weckwerth & Pisarska-Jamroży, in press).
The periglacial climate during the decay of the Pomeranian ice sheet favoured extensive lateral thermoerosion of the braided channels. A significant effect of erosion processes in the braided river system was the formation of fluvial breccias (see Bridge & Diemer, 2003; Murton et al., 2006; Lewin & Gibbard, 2010; Murton & Belshaw 2011; Pisarska-Jamroży & Zieliński, 2011) . Periglacial conditions were also responsible for the subaerial mass movements development which can derive from active layer of permafrost. In effect of debris flow were deposited in the braided river channel debrites: massive gravelly diamicton (DGm lithofacies at Atanazyn site) and debris-flow breccia (at Rozwarzyn site). During the Pomeranian phase (c. 16-17 kyr BP) in the foreland of the Scandinavian ice sheet intensive aeolian processes across Europe (Kasse, 1997; Vanderberghe, 2003; Zieliński et al., in press) are noted. The active period of aeolian processes was sufficiently long for dunes and coversands to form (Stankowski, 1963a, b; Antczak-Górka, 2005; Weckwerth, 2013 ), but too short for the development of aeolian traces on quartz grains (Table 3) . Mycielska-Dowgiałło (1993 , 2001 ) stressed that if the period of aeolian processes was relatively short (several hundreds of years), sediments were dominated by quartz grains with abrasion marked only at their edges. This supports also the occurrence of a very small number of ventifactes north of the Pomeranian phase (Krausse, 1996; Antczak-Górka, 2005) . Moreover, fluvial sediments in the Toruń-Eberswalde IMV contain a very small amount of aeolian grains (2.7%; Table 3 ). A similar value was noted by Weckwerth (2013) in the eastern part of the Toruń-Eberswalde IMV (Toruń Basin).
Discussion
On the basis of a wide array of methods, including heavy mineral analysis, textural and structural of sediments, lithofacies and architectural elements of sediments, analysis of rounding and frosting of quartz grains, frequency of sedimentary successions and Markov chain statistical analysis, the main sediment source in the studied part of IMV has been deduced, the main depositional processes have been recognised and zones of braided river system with predominant processes and specific palaeohydrological parameters have been characterised. Moreover, differences between a sandur braided river system and an IMV braided river system were recognised.
The sedimentary record of the Toruń-Eberswalde IMV during the Pomeranian phase represents a mixture of material derived from proglacial sediments, eroded sediments from the substratum of IMV, and additionally, extraglacial material coming from southern sources. Near-identical heavy mineral spectra in the Pomeranian sandurs and in the Toruń-Eberswalde IMV terrace suggest a mainly northern source of material in the IMV. Small differences in heavy mineral spectra might be ascribed as inherited, previously eroded material from the Pleistocene substratum of IMV or from Miocene/ Pliocene sedimentary outcrops in IMV. A large amount of good rounding and shiny and smooth surfaces of fluvial quartz grains also indicate the erosional origin of the material -from Eemian fluvial sediments (see Weckwerth, 2013) or from Miocene/Pliocene sediments (Galon, 1961) . Some minerals may have been supplied by southern, extraglacial rivers, such as e.g. epidote and amphibole (Table 4) . Epidote participation is twice higher in the pre-Noteć River terrace, and also slightly higher in the pre-Warta River terrace sediments than in the Toruń-Eberswalde IMV terraces. Epidote and amphibole as a commonly occurring mineral in glacigenic sediments can have been supplied from the catchment areas, which mainly consist of glacigenic sediments, of the pre-Noteć and pre-Warta rivers. Not without significance is the alternation of some minerals, e.g. limonite or chlorite. The increasing content of chlorite together with a decreasing content of biotite was probably caused by common secondary transformation. The higher content of limonite in gravels compared to sands is due to the higher porosity of the gravels, so that mineral alteration to limonite was easier in the latter (see Pisarska-Jamroży et al., in press b).
Not without significance for IMV sediment composition were also fluvial sorting processes in IMV and changeability of mineral occurrence, e.g. biotite decreasing downstream because of intensive mechanical abrasion during transport, while amphibole increases slightly downstream as does the transparent/opaque heavy mineral ratio (Pisarska-Jamroży et al., in press b). Interesting relationships between some heavy minerals occur in gravelly and sandy sediments. The high aggradation rate of gravelly lithofacies prevented effective sorting of particles. The heavy mineral fraction was carried in flows transporting gravels -in suspension, but in flows transporting sands -in saltation and as bed load. As a consequence of the mechanical destruction of fragile minerals in the saltation and traction, they are more dominant in finer fractions than in the fraction under study (Pisarska-Jamroży et al., in press b) .
Proglacial rivers are typically braided (Maizels, 1995) , and many models of braided river sedimentation were developed on the basis of proglacial rivers (e.g. Boothroyd & Ashley, 1975; Miall, 1977) . The sedimentary record of a proglacial subenvironment is controlled among other factors by the discharge magnitude and flow frequency, sediment supply and proglacial topography (Marren, 2005) . The meltwater inputs can be low-magnitude-high-frequency, controlled by ablation inputs from the source ice-sheet, or high magnitude-low-frequency, controlled by exceptional inputs (e.g. drainage of subglacial lake).
Comparing sandurs and IMV sediments, it is difficult to show a unique lithofacies deposited only in an IMV environment. Generally, the commonly occurring structures of IMV sediments are quite similar to structures which are known from middle and distal parts of sandurs (Zieliński, 1993) , but the structural scale is larger. The flow in the IMV can be characterised by high-magnitude-low-frequency in comparison with commonly occurring low-magnitude-high-frequency cyclical discharges in Pomeranian sandur rivers. To features of high-magnitude glacial floods, occurring in IMV but not in sandurs here, belong large-scale (>2 m) gravel foresets (see Baker, 1973; Carling, 1996b) , large-scale channels (> 2 m), and rip-up clasts (blocks of diamict or river bank sediment; see Russell & Marren, 1999) . Planar cross-stratified sediments (up to 3 m thick) were noted at the Walkowice and Kuźnica Czarnkowska sites, and breccia sediments (equivalent of rip-up clasts sensu Russell & Marren, 1999; Marren, 2005) -in marginal parts of the IMV braided river system (Atanzyn and Rozwarzyn sites). Although rip-up clasts can occur in non-flood settings, their widespread occurrence has only been documented in jökulhlaup deposits. Additionally, non-flood ripup clasts are typically small (<1 m), whilst those documented in jökulhlaups are large, from <0.5 to 2 m (Marren, 2005) . To the features typically occurring on Pomeranian sandurs and not in the studied part of IMV here, belong: silt and clay layers developed during very low stages (Miall, 1977) , thin lithofacies with numerous erosional surfaces and changes in grain size indicating numerous stage changes and frequent channel shifting (Miall, 1977) , and rhythmic arrangement of sediment. In the Toruń-Eberswalde IMV flowed waters which were equivalents of sandur ablation floods and megafloods. This interpretation is supported by calculated palaeohydraulic parameters. In some sandurs occur also valley incision, which can develop in effect of megafloods reaching IMV. Such valleys incisions were recognised in the western part of the studied IMV-Eberswalde Valley (Pisarska-Jamroży, 2013).
Theoretically, flows in the ice-marginal valley braided river can be caused by two phenomena: (1) very large discharges occurring on a day-today basis, or (2) discharges recorded from the peak summer ablation. The first possibility -short-lived ablation floods -have no direct influence (or are not recorded) on deposition in IMV. Such periodically occurring ablation floods caused sedimentation of rhythmites, which do not occur in the studied part of Toruń-Eberswalde IMV successions. In the Toruń-Eberswalde IMV flowed a huge quantity of water -collected waters from sandurs, additionally enriched by extraglacial currents, and probably all this together had an influence on the non-cyclic sedimentation style in IMV. The flood frequency probably was much lower than on sandurs. The second possibility -the summer ablation peaks have an influence on flood amplitude in IMV which was probably larger than on sandurs (due to collecting waters from all sandurs). The deposits occurring in IMV can be an equivalent of the largest floods.
The braided rivers on sandurs and in IMV are different as far as channel geometry, main transport and depositional processes are concerned (Table  6 ). The braided river in the Toruń-Eberswalde IMV represents a specific kind of braided river system which can be classified as an 'IMV braided river environment' (Table 6 ). It is characterised by a confined fluvial system, multipoint supplied by proglacial rivers (sandurs) and extraglacial rivers, lowsloped longitudinal profile, a length of hundreds of kilometres, a quite high aggradation rate but lower than on sandurs, and a lack of vertical sediment cyclicity and occurrence of large-scale channel fills (Fig. 4E, F) . Both the 'IMV braided river environment' and 'sandur braided river environment' can be compared with Firth and Slims braided rivers in Canada as described by Miall (2006) . The Firth River (equivalent of 'IMV braided river environment') is characterised by the presence of well-described minor and major channels, while the Slims River (equivalent of 'sandur braided river environment ') is characterised by fluvial system, in which channels are more or less equivalent to each other (see also Table 6 ). In terms of lithofacies characteristics these two braided river environments are difficult to distinguish, yet their fluvial architecture clearly is quite different (see Table 6 ).
Sedimentary successions occurring in IMV can be assigned to three zones on the basis of predominant depositional processes and palaeohydraulics ( Fig. 7): (1) deep gravel-bed braided channel zone with extensive scours, (2) deep sand-bed braided channel zone with transverse bars, and (3) marginal sand-bed and gravel-bed braided channel zone with diamicton and breccia deposition. In the zone with prevailing erosion processes the deepest, probably main, channels of the IMV braided river system (deep gravel-bed braided river -zone 1) developed. Transitional conditions represent the zone in which deep channels and bars (deep sand-bed braided channel with transverse bars -zone 2; Fig. 7 ; Table  6 ) evolved. In places where the river banks, made of till (glacial diamicton), were eroded, aggradation processes prevailed (braided river with diamicton and breccia deposition -zone 3).
Fluvioperiglacial conditions in the Toruń-Eberswalde IMV were responsible for the development of breccia sediments and diamicton in marginal parts of the braided river channels. Additionally, some aeolian dunes, coversands and ice-wedge structures were developed (Weckwerth, 2013; Stankowski, 1963a, b) , but due to insufficiently long time of aeolian processes generally no traces on quartz grains and no significant frequency of ventifactes were developed. However, in older IMVs, e.g. Głogów-Baruth IMV, occurs a significant amount of aeolian grains (Zieliński et al., in press) , which is caused probably by a longer period of aeolian activity than in the Toruń-Eberswalde IMV.
On the basis of results presented here, the definition of IMV should be updated. The ice-marginal valley can be ascribed as a broad, glaciation-related valley that formed during deglaciations and periglacial conditions. IMVs can partially utilise older depressions and tunnel valleys. The waters in IMVs flowed more or less parallel to the ice sheet margin and were mainly supplied by proglacial rivers, and additionally by extraglacial rivers, but within the context of water and sediment supply the ex- traglacial rivers played only a marginal role during the main phase of IMV development. An important feature for the flow direction in IMVs in Europe is the fact that the Polish-German Lowland (which is part of the Central European Lowland) inclined to the North. In both, sedimentological and geomorphological terms such as ice-marginal valley (= pradolina = Urstromtal = ice-marginal streamway = proglacial spillway = spillway) should be used only for the valley that functioned during the period of main phase development (in case of Toruń-Eberswalde IMV -Pomeranian phase of Weichselian glaciation), but in geomorphological significance the term ice-marginal valley can also be used to present-day glaciation-related valleys.
Conclusions
The following conclusions can be drawn from this study.
-Proglacial streams from the Pomeranian sandurs supplied mainly the Toruń-Eberswalde ice-marginal valley. The sediments in ice-marginal valley were additionally supplied by eroded material from the bedrock, e.g. Miocene/Pliocene and Eemian deposits. The supply to ice-marginal valley by extraglacial rivers was most probably marginal, both in water and sediment during the main phase of ice-marginal valley development. -Three zones can be identified in the Toruń-Eberswalde braided river system: firstly -deep gravel-bed braided channel zone, secondly -deep sand-bed braided channel with transverse bars zone, and thirdly -sand-bed and gravel-bed braided river with diamicton and breccia deposits zone. The deep gravel-bed braided channel zone represents the place where migration of three-dimensional dunes occurred and where major channels of braided river system developed. The deep sand-bed braided channel with transverse bars zone are changeable from aggradation processes during which bars were deposited to conditions of sandy deep channel development. Braided river with debrites and breccia deposits zone is characterised by mass movements of semi-frozen sediments from river banks into secondary channels of the braided river, and then fluvial reworking of part of them and formation of breccia sediments. -The deep gravel-bed braided channel zone with extensive scours (1) represents the place where migration of three-dimensional dunes occurred and where major channels of braided river system developed. The palaeohydraulic parameters
show that the flow in this zone was comparable to catastrophic floods (megafloods) and ablation floods. -The deep sand-bed braided channel zone with transverse bars (2) is characterised by aggradation processes during which bars were deposited and which led to conditions under which sandy deep channels formed. The palaeohydraulic parameters indicate that the flow in this zone was analogous to ablation floods, with events of catastrophic flooding (megafloods). -The marginal sand-bed and gravel-bed braided channel zone with diamicton and breccia deposition (3) is characterised by mass movements of semi-frozen sediments from channel banks into marginal deep channels of the braided river, and then fluvial reworking of part of them and formation of breccia sediments. On the basis of palaeohydraulic calculations in this zone, flow was comparable to deep gravel-bed braided rivers of glaciated areas. -Three distinguished zones in ice-marginal valley are well characterised by specific values of palaeohydraulic parameters: stream power, flow velocity and bed shear stress, which values decrease from the zone of deep gravel-bed braided channel with extensive scours (1) to the zone of marginal sand-bed and gravel-bed braided channel zone with diamicton and breccia deposition (3). -Palaeohydraulic parameters indicate that the middle and western part of the Toruń-Eberswalde ice-marginal valley braided river has parameters that are typical of proglacial floods or catastrophic floods; the bed shear stress reached a minimum of 20.4 Pa in marginal channels and a maximum of 657 Pa in the deepest main channels; the flow depth varies between 0.4 and 8.4 m; the mean flow velocity reaches 0.8-4.7 ms -1 ; the flow power ranges from 28 Wm -2 (under which transverse bars were deposited), up to 3101 Wm -2 during the deepest troughs in gravelly sediment formation. The high amplitude between minimum and maximum parameters values indicate that the flood amplitude in ice-marginal valley was high, but flood frequency was low (as evidenced by a lack of sediment cyclicity).
-Fluvioperiglacial conditions in ice-marginal valley were responsible for the development of mass movements from banks of the ice-marginal valley eroded in a till plain and development of fluvial breccia sediments, indicative of short fluvial transport in fluvio-periglacial conditions. On the other hand, the periglacial conditions in the foreland of the Scandinavian ice sheet did not last long enough and left no clear traces on the surface of quartz grains. -The ice-marginal valley braided river environment was characterised by a confined fluvial system, the occurrence of large-scale major channels, a high aggradation ratio (but lower than on sandurs), the coexistence of sand-bed and gravel-bed braided channels, and a length of hundreds of kilometres. -The whole spectrum of distinguished sediments can occur on sandurs as well as in ice-marginal valleys, except for fluvial breccia which can be considered as a sediment typical of marginal channels of ice-marginal valley, but not of sandurs.
Future research and relevance for earth sciences
The present paper outlines the current state of knowledge of the Toruń-Eberswalde IMV and the scenario of fluvial deposit development during the Pomeranian phase of the Weichselian glaciation. However, further work is needed here as well as in older valleys on the Polish-German Plain, as a comparative study. Geological studies in ice-marginal valleys can help understand the development of the area, and facilitate the exploitation of unconsolidated sediments. Several problems still remain unresolved, among others, the alternation of narrow valleys (e.g., Ujście Basin) and wide basins (e.g., Gorzów Basin) in the Toruń-Eberswalde IMV, and the morphological variability of braided river system bed forms and channel forms over their entire length.
The detailed lithofacies analysis carried out so far in the Toruń-Eberswalde IMV have yielded new opportunities for recognition and better description of depositional mechanisms of a braided river system under periglacial fluvial conditions. There still is a need for additional case studies to serve as a basis for a wide variety of interpretative studies. Observations of natural sand-bed and gravel-bed braided channels and flume observations and models have provided a thorough understanding of the formational processes of most bed-and channel forms. Experimental studies are also necessary to account for the preservation of frozen or semi-frozen diamict clasts, sandy clasts and silty clasts in fluvial current environments and in debris flows deposits (see Pisarska-Jamroży & Zieliński, 2011; Weckwerth & Pisarska-Jamroży, in press ).
An alternation between valley incision and channel aggradation responded to changes in discharge regime and sediment supply associated with climate fluctuations during the Pomeranian phase of the Weichselian glaciation. Not only is such work of importance in our understanding of the glacial history of the earth, but it will also provide models for the interpretation of earlier periods in earth history.
The application of high-resolution seismic reflection techniques and ground-penetrating radar promises to provide much valuable information on the three-dimensional structure of braided fluvial, provided that both techniques will be used, and in combination with excavated sediments. As noted above, the braided rivers in sandurs and in IMV characterised quite different fluvial architectures, but in terms of lithofacies characteristics these two braided river environments are difficult to distinguish. The results obtained from seismic reflection techniques and ground-penetrating radar can improve our architectural information, and architectural details can be used to constrain mathematical flow models in order to provide precise, specific data on fluid transport paths.
In the Toruń-Eberswalde IMV and Pomeranian sandurs described here (rapidly aggraded depositional systems; see Pisarska-Jamroży et al., in press b), specific behaviour of heavy minerals (Pisarska-Jamroży et al., in press b) during fluvial transport calls for experimental studies to be widely applied. There is also a need for comparative studies of other rapidly aggraded environments.
Opportunities also exist within the context of neotectonic activity in the Toruń-Eberswalde IMV and its vicinity (see Liszkowski, 1992 Liszkowski, , 1993 Van Loon & Pisarska-Jamroży, 2014) . Cycles of loading and unloading of the earth's crust as a result of growing and diminishing ice-sheet masses during the Pleistocene and development of seismites are known from numerous places, particularly in the northern hemisphere (Mörner, 1990; Muir-Wood, 2000; Kaufmann et al., 2005; Hampel et al., 2009; Brandes et al., 2012; Van Loon & Pisarska-Jamroży, 2014) . All of these areas, ice-covered during the Pleistocene, are currently usually not affected by tectonic activity. Seismites were recognised in the Toruń-Eberswalde IMV in sediments of Warthanian age (Van Loon & Pisarska-Jamroży, 2014) , and it may be expected that soft-sediment deformation structures of seismic origin occur also in strata laid down during Weichselian glaciation.
